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Outline	


•  Big picture questions	


•  The global 21-cm background	


•  X-rays from accreting black holes	




Big picture	


• When did the first 
stars, galaxies, and 
black holes form?	


• What were their 
properties?	


• When was reionization 
complete, and what 
objects drove it?	




Galaxy Formation	


Image Credit: Garth Illingworth	


•  Galaxies at z ~ 7 
are 1/20 the size 
and <1% the mass 
of the Milky Way	


•  Extremely blue	


• Metal deficient	




Black Holes	

Mortlock et al. 2011	


•  Powered by black hole 109 
times as massive as the sun	


•  How do such objects 
form? How do they grow 
so rapidly?	


•  Quasar at z = 7.085	


•  770 million years after Big Bang	




Answers in 21-cm?	


Loeb 2006, Scientific American	


✴  Look at space between galaxies 
instead of galaxies themselves.	
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The Global Signal	

21-cm	




“Dark Ages”	


The Global Signal	




First stars	


The Global Signal	




X-ray heating	


The Global Signal	




Reionization	


The Global Signal	




X-ray heating	


The Global Signal	




The Global Signal	




Magnitude of X-ray heating?	

X-ray binaries	


Super-Massive BHs	


Furlanetto 2006	


Assume:	




New SMBH Models	




New SMBH Models	




New SMBH Models	




Ongoing Work	

25

 M
pc
	




Ongoing Work	

10

 k
pc
	




Summary & Future Work	


•  X-rays from SMBHs potentially significant for 21-
cm, but could be confused:	


•  Impact of SMBHs in 21-cm fluctuations, 
analytically & with simulations.	


•  High-resolution simulations of individual 
proto-galaxies.	


•  Use multi-frequency RT algorithm of Mirocha et 
al. 2012 (arxiv:1204.1944, accepted to ApJ).	




Questions?	




Co-evolution?	
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Gultekin et al. 2009	


Bulge Velocity Dispersion	
 Galaxy Mass	


Ho, Darling, & Greene 2008	




Turning Point C	


105 models, random parameter values 	

spanning range of 103-104	




X-ray Heating	


LX dominated by X-ray binaries	


Gilfanov et al. 2003	


Local Universe:	



